The increases of MAP were milder in the N group (22.6-7.3%) than the C group (32.3-17.7%) during pneumoperitoneum and while in the Trendelenburg position. The significant decreases of HR were maintained in the C group, but the changes in HR were not significant in N group during the operation. The increases in CVP were less in N group than C group. The increases of SVR were milder in N group (19.4-1.4%) than C group (41.7-16.6%) during pneumoperitoneum in the Trendelenburg position.
Introduction
Minimally invasive surgery using laparoscopy has become a widely used technique in various fields of general surgery, gynecology, and urology. The number of cases continue to increase because of its clinical advantages in decreasing perioperative complications, postoperative pain and postoperative hospitalization compared to the conventional open technique [1] . Pneumoperitoneum with carbon dioxide (CO 2 ) insufflation for visual fields can decrease thoracic and pulmonary compliances, atelectasis, pulmonary hypertension and hypercapnia due to increased abdominal pressure [2] . CO 2 pneumoperitoneum also induces hemodynamic instabilities such as a decrease in cardiac output (CO), unstable blood pressure as well as increases in systemic and pulmonary vascular resistances [3] . Therefore, the risks during laparoscopic operations and anesthesia increase, especially in elderly or hemodynamically unstable patients.
For acquiring better visual fields and reducing blood loss during laparoscopic surgical procedures involving the lower abdomen including the colon, the Trendelenburg position has been used. This head-down positioning affects the pulmonary system by decreasing pulmonary compliance and the cardiovascular system by increasing preload and fluctuation of CO, thereby increasing pulmonary artery pressure and altering the variability of systemic vascular resistance (SVR) [4] . In a recent study [5] , the increase in venous return by Trendelenburg positioning can compensate for the decrease in CO induced by pneumoperitoneum and this results in an insignificant change in net CO. However, the importance of careful anesthetic monitoring is essential as laparoscopic surgery of the colon requires a relatively long time which increases the risks associated with prolonged pneumoperitoneum and the Trendelenburg position. To minimize the hemodynamic and pathophysiologic influences induced by pneumoperitoneum and the Trendelenburg position during low anterior resection (LAR), proper maintenance of preload, pulmonary and systemic vascular resistance are required and agents including vasodilator, high dose opioids, calcium channel blockers and beta blockers can be selectively used. The purpose of this study was to evaluate the modulating effects of nitro glycerin on adverse hemodynamic changes induced by pneumoperitoneum and the Trendelenburg position during anesthesia for LAR.
Materials and Methods
Forty patients categorized as American Society of Anesthesiologists classification of physical status 1 or 2, scheduled for elective LAR were enrolled in this study. All patients were informed of the methods and purpose of the study, and informed consents were obtained. This study was approved by the Institutional Review Board of our hospital. Patients with severe hypertension, hypotension, chronic obstructive pulmonary disease, cardiac diseases, morbid obesity (BMI > 30), cerebrovascular disease, severe liver or renal diseases in addition to having a history of psychiatric diseases were excluded from the study. Additionally, patients showing fluctuation in their blood pressure by ± 40% during LAR were also excluded from the analysis.
Patients were premedicated with 0.2 mg of glycopyrrolate administered intramuscullary one hour before the induction of anesthesia. Upon arriving at the operation room, standard monitoring devices were applied including electrocardiogram, noninvasive blood pressure and pulse oximetry with a patient monitoring device (S/5, Datex-Ohmeda CO., UK). Induction of anesthesia was done with intravenous 1 μg/kg of remifentanil and 5 mg/kg of thiopental; level of sedation was monitored using the bispectral index (BIS: A-2000, Aspect Medical Co., USA). Endotracheal intubation was facilitated with intravenous rocuronium (0.7 mg/kg). After the induction of anesthesia, the patients' lungs were ventilated to maintain an end-tidal carbon dioxide between 33-37 mmHg during the operation. Then a 20 G arterial catheter was placed in the left radial artery to continuously monitor arterial blood pressure and to sample for intermittent arterial blood gas and a 7 F double lumen central venous catheter was placed at the right internal jugular vein to maintain fluid line and to monitor central venous pressure. An esophageal doppler (Cardio Q TM , Deltex Medical Co., UK) was inserted for determining various hemodynamic parameters such as CO, stroke volume (SV), ejection fraction and SVR.
Anesthesia was maintained with 1-3 vol% sevoflurane in air/oxygen (2 L/2 L/min) mixuture and continuous infusion of remifentanil (0.05-0.2 μg/kg/min), keeping the BIS number between 40-60. Rocuronium (0.2-0.3 mg/kg/hr) was infused continuously for adequate muscle relaxation. Patients were randomly assigned into two groups in which the experimental group (nitroglycerin, N) received 0.5 μg/kg/min nitroglycerin from the beginning of anesthesia until the operation was finished, whereas the nitroglycerin was not given in the control group (C).
Intraoperative pneumoperitoneum was maintained at a pressure of 12-13 mmHg. Hartmann's solution was given at a rate of 2-4 ml/kg/hr as the main fluid and packed RBC was given for blood loss during the operation to maintain preoperative hemoglobin values. Hemodynamic measurements including mean arterial pressure (MAP), heart rate (HR), central venous pressure (CVP), cardiac index (CI), stroke volume (SV) and systemic vascular resistance (SVR) were checked and recorded in both groups. Times of measurements were 10 min All data were expressed as means ± SD or number of patients. Intergroup data were analyzed using a Student T test and continuous data within groups were performed using repeated measures ANOVA followed by Bonferroni correction for multiple comparisons. P values < 0.05 were regarded as statistically significant.
Results
Forty patients were included in this study and there were no significant differences between the control group (C) and the nitroglycerin group (N) with respect to age, gender, body weight and height (Table 1) .
MAPs were significantly increased in both groups at T2-T4 during pneumoperitoneum compared to (T1) as well as in T5 of the C group. Ten min after Trendelenburg positioning with pneumoperitoneum (T3), there was a 32.3% increase in C group MAP which was higher than the 22.6% increase in the N group, although the difference was not significant between the two groups. HR significantly decreased at T3, T4 and T5 compared to T1 in the C group only and the N group had a significant increase at T4 when compared to the C group (Table 2) . CVP increased significantly in both groups during the pneumoperitoneum (T2-T5) and when T6 was compared to T1, but there were no significant intergroup differences. CI was also decreased in both groups during the pneumoperitoneum (T2-T5) compared to T1 and significant decreases were noted at T4 and T5 which recovered after pneumoperitoneum was terminated: no differences were found between groups (Table  2 and 3) . SV increased from T4 to T7 in C group while N group Values are expressed as means ± SD. C: control group, N: nitroglycerin group. Values are expressed as means ± SD. MAP: mean arterial pressure, HR: heart rate, CVP: central venous pressure, C: control group, N: nitroglycerin group, T1: 10 min after induction of anesthesia, T2: 5 min after CO 2 insufflation in the supine position, T3: 10 min after the Trendelenburg position with pneumoperitoneum, T4: 30 min after the Trendelenburgposition with pneumoperitoneum, T5: 1 hr after the Trendelenburg position with pneumoperitoneum, T6: 5 min after desufflation in the supine position, T7: 10 min after desufflation in thesupine position, T8: 30 min after desufflation in the supine position. *Indicates P < 0.05 compared with T1. † Indicates P < 0.05 compared with the same as the C group. Values are expressed as means ± SD. CI: cardiac index, SV: stroke volume, SVR: systemic vascular resistance, C: control group, N: nitroglycerin group, T1: 10 min after induction of anesthesia, T2: 5 min after CO 2 insufflation with supine position, T3: 10 min after the Trendelenburg position with pneumoperitoneum, T4: 30 min after the Trendelenburgposition with pneumoperitoneum, T5: 1 hr after the Trendelenburg position with pneumoperitoneum, T6: 5 min after desufflation in the supine position, T7: 10 min after desufflation in the supine position, T8: 30 min after desufflation in the supine position. *Indicates P < 0.05 compared with T1. † Indicates P < 0.05 compared with the same time point as the C group. ‡ Indicates P < 0.05 compared with T2.
Korean J Anesthesiol
Moon, et al.
had an increase only at T6. SVR was increased from T2-T5 in C group while it increased in N group at T2 and T3. Increases in SVR were most marked at T2 (41.7%) in the C group and in the N group (19.4%). When comparing SVR from T2-T5 between groups, SVR in the N group was significantly lower than in the C group (Table 3) .
Discussion
Hemodynamic alterations during pneumoperitoneum including a decrease of CO, an increase in arterial blood pressure and increases of both systemic and pulmonary vascular resistance are well known; they require accurate information and adequate management due to the complex pathophysiology which can resemble diseases such as chronic heart failure, as described by Stuthers and Cuschieri [6] . Trend elenburg positioning along with pneumoperitoneum. which secures the visual field during the operation, results in more complex hemodynamic alterations. Surgeries of the upper abdomen such as cholecystectomy and gastrectomy are usually performed with reverse Trendelenburg (head-up) positioning, whereas lower abdominal operations such as colon or pelvic surgeries usually needs the Trendelenburg position and requires prolonged operation times and postural changes due to the complex operation characteristics. While there are controversies with respect to hemodynamic alteration during pneumoperitoneum accompanied with the Trendelenburg position, it is generally considered that increases in CVP and pulmonary artery pressure during pneumoperitoneum are aggravated by Trendelenburg positioning [7] .
In terms of the effects of pneumoperitoneum on cardiac preload and renal perfusion, Bergman et al. [8] reported that cardiac preload decreases with pneumoperitoneum and a decrease in preload deepens with concomitant nitroglycerin infusion. Further, renal perfusion is not significantly decreased by pneumoperitoneum alone, but it is decreased when infusion of nitroglycerin is also performed. There is also conflicting data reported by Bishara et al. [9] who found that the use of nitroglycerin prevented the decrease of renal perfusion during pneumoperitoneum. But the above mentioned reports were based on animal experiments focused on renal perfusion and were too limited for studying hemodynamic alterations. Therefore, we designed this study to observe the overall hemodynamic changes during both pneumoperitoneum and the Trendelenburg position as well as to seek any favorable effects of continuous infusion of nitroglycerin on hemodynamic changes during LAR which usually needs both pneumoperitoneum and the Trendelenburg position.
Many studies have aimed at reducing the hemodynamic changes during pneumoperitoneum and the Trendelenburg position. Yoon and Jee. [10] reported that a single injection of nicardipine (30 μg/kg) one minute prior to pneumoperitoneum and the Trelendelenburg position for vaginal hysterectomy successfully inhibited a decrease in CI., and Jeun et al. [11] also reported that in laparoscopic gynecologic operations using a single injection of nicardipine (10 μg/kg) plus continuous infusion at 0.5-2.0 μg/kg/min partially reduced the hemodynamic changes, although the limitations of their study were the hemodynamic index being confined to blood pressure, HR and CI.
Nitroglycerin is mainly used for the treatment and prevention of ischemic heart disease by dilating the coronary artery, systemic or focal veins with an ordinarily low dose which decreases preload and workload of the right ventricle and decreases the pulmonary artery pressure in addition to dilation of the pulmonary vessels. Nitroglycerin dose not induce remarkable changes in SVR at a low dose but induces a decrease in SVR by dilation of arterioles with a high dose [12] . The usual dose of nitroglycerin is 0.5-2 μg/kg/min while the dose used in this study was a relatively low at 0.5 μg/kg/min, in consideration of the possibility that high dose nitroglycerin may induce severe hypotension in cases of hypovolemic states.
Analysis of the hemodynamic changes in patients demonstrated that MAP increased significantly during pneumoperitomeum at T1 in both groups with a maximum of 32%. Increases in blood pressure were maintained also during the Trendelenburg position (T3-T5), with a 23% increase in the N group which was relatively low compared to the C group at all periods. These results are likely from the vasodilatory effect of nitroglycerin with a corresponding decrease in preload; the increase of blood pressure due to the pneumoperitoneum could be ameliorated in some degree by concomitant use of nitroglycerin. In terms of the HR changes, the C group showed notable decreases during pneumoperitoneum (T2-T5) which returned to T1 levels after the removal of pneumoperitoneum and the N group exhibited the least alterations during all periods. The decrease in HR was contrary to previous reports [3] which showed increased HR during pneumoperitoneum and no significant changes in HR during pneumoperitoneum [4] . Remifentanil given during anesthesia was a presumable cause of the bradycardia [13] but the mechanism of no change in HR is not known. The reason of the absence of significant HR decreases in the N group was presumed to offset the reflex tachycardia of nitroglycerin by the bradycardiac effect of remifentanil.
The CVP during anesthesia increased in both groups, especially in the Trendelenburg position when compared to pneumoperitoneum only (T2). The causes of the elevated CVP were the increase of intra-abdominal pressure (IAP) by pneumoperitoneum and increased venous return by Vol. 61, No. 5, November 2011 Effects of nitroglycerin during LAR the Trendelenburg position which is suppored by the previous report of Horvath et al. [14] . According to Blobner et al. [15] , moderate increases in IAP by 12 mmHg during pneumoperitoneum induces the compression of the splanchnic vein leading to an increase in venous return, whereas high increases in IAP (i.e. >20 mmHg) causes compression of the inferior vena cava (IVC) resulting in a decrease in venous return. Pneumoperitoneum, which was maintained at 12-13 mmHg in this study generally resulted in an increase in venous return. Andersson et al. [16] advocated that increases in CVP is irrelevant to the amount of venous return by a pneumoperitoneum and it is the Trendelenburg position that affects the increase in CVP most. This was different from our study where the Trendelenburg position was the primary cause of increased CVP.
CVP was maintained but it was not significantly lower in the N group from T5-T7 compared to the C group and this was likely due to venous dilatation resulting in a decrease of return volume to the heart. This supports the use of nitroglycerin in relieving the anticipated increase in CVP and consequently the increase of pulmonary artery pressure during pneumoperitoneum and Trelenburg positioning. As a result, this contributed to the hemodynamic stability of patients receiving LAR with high cardiac risk [17] .
There are controversies with respect to changes in CO during pneumoperitoneum, but most studies describe through various mechanisms that elevated IAP by pneumoperitoneum results in the reduction of IVC, followed by venous stasis in the lower extremities; this results in reduced venous return to the heart and a decrease in CO [18] . Also, the possibility of increased venous return in the Trendelenburg position, which relieves the decrease of CO, has been suggested [19] . In this study, the transient increase of CI even after Trendelenburg positioning was not observed when compared to the supine position with pneumoperitoneum (T2). CI in this study significantly decreased in both groups at T4-T5 compared to T1, and relating to the fact that SV significantly increased after a considerable passage of time from induction of pneumoperitoneum and Trendelenburg positioning, the increase in SVR was the most important cause of decreased CI. Hofer et al. [20] claimed that intrathoracic blood volume was the most important factor affecting CO after pneumoperitoneum and body positioning. They concluded that the change in CO was very variable and is mostly affected by the increase of intrathoracic pressure from elevated IAP and not by the increased venous return from increased CVP after Trendelenburg positioning and pneumoperitoneum.
Intergroup differences of CI was small despite that the decrease in SVR in the N group was more prominent than the C group and we speculate that the reason for a small intergroup difference is due to a smaller SV in the N group than C group. Sumpelmann et al. [21] claimed that during prolonged pneumoperitoneum of more than 2 hours even at a low pressure of 8 mmHg, a decrease of CI, deepening of acidosis, and hypovolemia are difficult to detect with standard routine monitoring. Therefore, invasive monitoring devices for central venous oxygen saturation are needed and as our study that the extensive monitoring of hemodynamic parameters would be necessary for the patient safety. SVR increased by 65% after pneumoperitoneum and is caused by humoral mediators such as catecholamines, renin-angiotensin system and vasopressin [22] . Vasopressin is proportionally increased with elevated intrathoracic and transmural right atrial pressure [23] . Mechanical stimulation of the intraabdominal receptors also increases vasopressin secretion [24] as well as an increase of blood pressure and SVR. The Trendelenburg position may relieve the increase in SVR whereas inhalation of vasodilative anesthetics like isoflurane and vasodilators such as nitroglycerin and nicardipine can also reduce the increase in SVR [25] . In this study, a 42% increase in SVR was also noted during pneumoperitoneum in the C group and SVR decreased to 16% during Trendelenburg positioning, Further, in the N group, a 19% increase in SVR during pneumoperitoneum occurred which gradually recovered in the Trendelenburg position and then returned to anesthesia induction (T1) level at T5 point. Considering the significantly lower SVR during all periods after both pneumoperitoneum and Trendelenburg positioning in the N group compared to the C group, this study demonstrated the vasodilative effect of nitroglycerin.
In conclusion, this study suggests there were partially successful hemodynamic effects by nitroglycerin infusion including an increase in MAP and SVR during LAR performed under pneumoperitoneum and Trendelenburg positioning. But, this study was restruced because pulmonary artery catheterization for monitoring pulmonary artery and capillary wedge pressure was not monitored and further complementary studies should be performed.
